Background/purpose: Mohs Micrographic Surgery (MMS) is the preferred therapeutic
| INTRODUCTION
Basal cell carcinoma (BCC) is the most common cancer 1 and the commonest cutaneous malignancy in Caucasian. 2 Its pathogenesis is correlated with chronic UV exposure and age. The incidence of new cases of BCCs is increasing. Furthermore, after the development of cutaneous carcinoma, patients have a higher risk of developing at least one more BCC in the next years. 3, 4 Although it is a slow-growing neoplasia and does not pose a threat to patient's life, BCCs can cause significant morbidity due to the destructive local spread and risk of recurrence if treatment is not properly conducted. 1, 3 According to the clinical features, BCCs are mainly classified as nodular (the most common clinical subtype, which occurs predominantly on the head), superficial (the second most common subtype, mainly located on the trunk, with a scaly appearance), and morpheaform (accounting to 5%-10% of the cases 5 and clinically represented by a scar-like appearance). However, the final diagnosis results from the histologic findings, which classified BCCs either as nodular, superficial, infiltrative (corresponding to the clinically morpheaform subtype), micronodular, or basosquamous carcinoma. 1 Although surgical excision is the main treatment modality for basal cell carcinomas, recurrences because of positive surgical margins are not uncommon, mainly for infiltrative, micronodular, and basosquamous carcinoma subtypes, which also tend to cause extensive local destruction and, for those reasons, are classified as "aggressive-growth subtypes". 6 Besides the histologic subtype, BCCs, which are located centrofacially and periorificially (known also as the "H-zone") have a higher incidence of recurrence.
The aim of a correct treatment of BCCs relies on its complete excision with a maximum preservation of the functional capacity of the area surgically treated, along with cosmetic acceptance.
Mohs Micrographic Surgery (MMS), a specialized method of surgical procedure, is applied in the treatment of some types of skin cancers, mainly in tumors with a high-risk of relapse, recurrent BCCs Optical Coherence Tomography (OCT) is a non-invasive imaging tool that uses a near-infrared light combining low-coherence light with interferometry to scan the skin, in real time, up to a depth of 1.8 mm.
Within this depth, the horny layer, the epidermis, the upper dermis, the skin appendages, and blood vessels are visualized. 10 In crosssectional images of some millimeters length, architectural details of the upper skin layers can be assessed in a non-invasive way. 11, 12 OCT principles are based on the reflection of infrared radiation of the skin.
Each structure of the tissue reflects a different quantity of light, resulting in scales of less or more brightness intensity of the structures evaluated.
Technical innovations of the system made the development of a multi beam OCT possible-a fast and also non-invasive scan modality.
Through the reconstruction of the skin in different layers, this technique allows the evaluation of the skin in en-face/horizontal view and transversal section, the last being comparable to vertical slices of histology. Some studies have proved the capacity of OCT to diagnose BCC as well as to identify the subtype and estimate the depth of the neoplasia. [13] [14] [15] [16] [17] Another application of OCT may be the pre-surgical estimation of tumor borders of BCC before MMS, which could reduce the average number of stages required for their complete excision. For these reasons, we sought for a method for margin delineation using a permanent marker and then evaluation with OCT to delimit the margins of BCC prior to their excision where MMS technique would be classically applied.
| MATERIALS AND METHODS
As a preliminary study, lesions confirmed by histopathology as BCCs as well as those without histologic confirmation but which showed clinical and classic dermoscopic features for BCCs, were included into this pilot study. In those cases where no histologic confirmation had been obtained, OCT was used also for diagnosis of the BCC.
A total of ten BCCs underwent OCT evaluation for margin definition before patients were sent to the operating room. Lesions were located on the head and neck region: three at the nose, four in the temporal/pre-auricular region, one on the upper lip and two at the scalp. creative 1-2 mm in golden color and Edding ® 780 creative 0.8 mm in black color. We are also aware that white ink is also visible in OCT, such as Viscot 1440-30, but these were not evaluated in our study.
First of all to simulate the situation during surgery, an area of normal skin was disinfected with Octenisept ® . After the skin was naturally dried, one line with each of the pens was designed on the skin.
A macroscopic picture of those lines was taken and an OCT measurement of each line was done. In the second step, the area with the lines was again disinfected with the same antiseptic product. This time Octenisept ® was applied three times and the area was gently dried with a cotton swab between the disinfections. After these procedures, another macroscopic picture was taken and the lines were once more measured with OCT.
OCT images, before and after disinfection with Octenisept ® for three times, were analyzed in terms of the width of the shadow in the transversal section and regarding the signal intensity below the shadow using "ImageJ" (NIH, available from http://imagej.nih.gov/ij/), respectively.
The signal intensity was measured by selecting the "histogram The permanent marker Edding ® 780 creative 0.8 mm in silver color produced the best results ( Figure 1 ). The choice of this pen was based on the capacity of its ink to last for more than 24 hours (which was a requirement for patients who were mapped one day before surgery). Additionally, it was resistant to antiseptic products, which were used for the disinfection of the skin before starting the surgery (Octenisept ® ). This pen was also preferred over the others because its tint can be visualized in the OCT image through causing a sharply demarcated strong signal shadow.
| How to acquire images and define the borders
We developed a practical and efficient method for evaluating and ad- For each of the evaluations, the following OCT criteria were used for the diagnosis of BCCs, according to the "Berlin Score" system: epidermal thickening, dermal-epidermal junction (DEJ) disruption, dark border underneath epidermal thickening, hypo-reflective non-homogeneous areas in the dermis and hypo-reflective homogeneous and well defined figures in ovoid-like shapes surrounded by white stroma beneath the epidermis. 13 If during the OCT scanning, any of these features was seen outside the margin, an extension of the margin of the lesion was done maintaining a distance of 2-3 mm from the previous one ( Figure 5 ). Keeping this distance of 2-3 mm, we followed the same length recommended by MMS technique, when it is necessary to enlarge the margins. Most of the times, the transversal sections of OCT were used for mapping, but sometimes the en-face view helped us in doubtful cases as well.
The final demarcation of the BCC borders was concluded when no suspicious area for basal cell carcinoma was visible outside the marked margin in the OCT image. At this moment, the patient was ready to undergo surgery in the following 24 hours ( Figure 6 ).
| Histologic evaluation and correlation with OCT margin definition
After the lesions were mapped, the surgeons chose the outermost marked margin for the excision of the lesion. The excised tissue was marked with different colors for orientation and went to the histology laboratory. There, the central part of the lesion as well as the bottom, the first margin defined by dermoscopy, all the extra margins and the outermost borders of the lesions that had been defined by OCT prior to MMS were evaluated separately using the "Tübinger Torte" technique. 18 
| RESULTS

| Evaluation of different markers
According to the OCT evaluations, the best ink shadow was the one showing the narrowest length and the deepest depth, both present in pen Edding ® 780 creative 0.8 mm in silver color. Besides, also in the final macroscopic picture, taken after re-disinfections, the ink of that pen remained visible by the naked eye, allowing the surgeons to make the excisions by following the margins of the lesions determined by the OCT evaluations (Figure 1 ).
| Margin definition using oct and the correlation with standard histology
The margin definition with OCT could be performed in all cases without problems. One 6 × 6 mm 2 OCT scan took 30 seconds. Together with image interpretation, the whole mapping procedure took between 15 and 20 minutes, depending on the number of additional scans for margin correction after first scanning. cases were infiltrative and four were nodular BCCs. In this first preliminary study, we had 80% of BCCs with complete excision regarding the lateral borders after margin delimitation by the OCT evaluation prior to surgery. The two BCCs, which were incompletely excised, corresponded to the infiltrative subtype (Table 1 ). In four other cases, the macroscopic border would have been incomplete, but the correction of the lateral margin by OCT mapping resulted in a complete excision.
Regarding the lower border of the tumor, one BCC was excised incompletely. In this case, the histologic tumor thickness was 5 mm, which is far deeper than the penetration depth of the OCT probe.
| DISCUSSION
Surgery is the main treatment modality for BCCs, but recurrences because of positive surgical margins are not uncommon, mainly for the "aggressive-growth subtypes". 6 Although Mohs Micrographic Surgery is the preferred treatment modality of BCCs with higher risk of recurrence, 8, 9 it is time-consuming, not free of complications and the patient's clinical condition may be a contraindication to the procedure of the technique.
Besides the diagnosis, OCT seems to show a high potential also for the pre-surgical assessment of the tumor, such as for the defi- In the present study, a pen was used to demarcate the margin of BCC, causing a signal shadow in the OCT image ( Figure 4 ). Differently from the previous studies, in the present one the outermost margin defined by OCT was the one, which was used by the surgeons for the excisions. The procedure was developed for marking the border, scanning the entire border using OCT, evaluating the tumor lateral extent in relation to the marks and updating the marks where necessary. It was (with practice) found to be quick and efficient and we believe could be utilized in routine practice.
In cases where it was considered a re-definition of the margins due to the presence of OCT features indicative for BCC in the apparently macroscopically healthy skin, a distance of 2-3 mm was kept in order to follow the same length recommended by MMS technique, when it is necessary to enlarge the margins.
In four out of ten BCCs of this pilot study, the macroscopic/ dermoscopic margins were incorrect, missing parts of the tumors.
The correction of these margins after OCT mapping resulted in a complete first step excision and saved one step of MMS for these patients. Two BCCs were incompletely excised even after OCT map- T A B L E 1 Overview of the cases of basal cell carcinomas, which were evaluated in this study. In the table, the anatomical location of the tumor, the histologic subtype, the tumor thickness, and the final histopathologic result regarding complete excision of the lateral and deep margin are given 
F I G U R E 6
Final OCT mapping of a nodular basal cell carcinoma. Extra margins were redefined (yellow arrows) after OCT evaluation of the borders, which were previously defined through clinical and dermoscopic evaluation of the lesion (red arrows). Each extra margin was 2-3 mm away from the previous one (black lines)
| CONCLUSION
We demonstrated a practical method by which the lateral margin of BCCs can be marked and defined through OCT evaluations, in a near to histologic evaluation of the tissue, before surgical procedures.
However, imaging limitations may be bleeding tumors, crusts, infiltrative BCCs with very tiny tumor strands, and lesions positioned in difficult-to-access areas (ie, nasal wings and the auricular pavilion).
Our pilot study is limited by the small number of tumors, which underwent this procedure of pre-surgical margin mapping. The intention of our work was to develop, evaluate and describe a simple, fast and reliable method for margin definition of BCC relying on microscopic analysis of the tumor by means of OCT, a non-invasive imaging method.
Further work with a larger number of cases is needed, in order to quantitatively evaluate whether and how OCT reduces the excision of large safe margins and the number of stages of MMS, which are needed for reaching complete excision.
If this new method proves to statistically reduce the number of surgical stages and also reduce the average size of surgical defect, the pre-surgical margin definition of BCCs may enable an improvement of the Mohs Micrographic Surgery technique, which we may term "OCT-assisted MMS", which is more time-and resourceefficient and may enable extension of the benefits of MMS to more patients.
